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Abstract 
The duoplasmatron ion source of the 

Livermore 400 kV ICT accelerator has been 
modified to increase the target current from 
the accelerator. In routine operation D + 

currents on target of 18-22 mA are now pro
duced rather than the 5-8 mA originally avail
able. The major modification to the source 
has been the installation of a focus electrode 
between the plasma expansion cup and the 
accel-Hlecel extraction electrode system. 
With this arrangement the source output may 
be varied from maximum down to zero beam 
level without excessive extractor loading. 
Beam divergence varies from 6 mrad to 30 mrad. 
The focusing and extraction electrodes are 
simple to fabricate and are radiation cooled. 
Beam transport efficiency of 75% has been ob
tained through tne xb m long x 10 cm diareter 
transport system. The increase in target: 
current has been obtained without decreasing 
tha reliability of the accelerator. 

Introduction 
The present work was undertaken to in

crease the DC current available from the 
Livermore 400 kV ICT accelerator. This ac
celerator, shown in Fig. 1, was designed 
and built by High Voltage Engineering Corpor
ation. During the first several years of 
operation the accelerator produced a too keV 
deuteron beam of 5-8 mA very reliably. A 
rotating tritium target 1" 3 was developed for 
use with the accelerator to provide a strong 
source of 14 MeV neutrons for radiochemistry 
experiments. However, the growing interest 
in very intense 14 MeV neutron sources for 
cancer therapy and CTR materials damage • 
studies and the successful operation of the 
rotating target suggested that effort to 
TTv,r>oaQ(? "trhe current delivered to ths 
•target was justified. As high peak 
beam currents had been observed in arc 
pulsed operation and 12 mA had been de-
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Fig. 1 Tne accelerator and beam transport system. 
*Wbrk performed under the auspices of the 
U. S. Atomic Energy Commission 
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livered to the target during a short duration 
DC run, it seemed that relatively snail 
changes to source and accelerator might pro
duce considerable gains in target current. 

Source development was done by starting 
with the standard duoplasmatron supplied by 
HVEC and making changes in the plasna cup and 
extractor geometries. The goal was not to 
increase the extracted current, in part be
cause the standard source operated near the 
limits of extractor and arc power, but to pro
duce a source whose outpvt could be bstter 
matched to the accelerating column and trans
port system, resulting in a higher fraction 
of the extracted beam reaching the target. 

Ion Source 
The ion source in its present configura

tion is shown in Fig. 2. The source is a duo
plasmatron with the plasma expansion cup held 
at the potential of the intermediate electrode 
and a "focusing" field shaping electrode in
serted between the expansion cup and the 
accel-decel extraction electrode and operated 
at 5 to 15% of the extractor voltage. In the 
terminal the beam is bent through a 45° angle 
after extraction to remove D$ and D3 compo
nents. The beam travels 102 cm from the 
source at 50 keV before entering the accel
eration tube through a 8.9 cm diameter colli
mator. 

ICT ION SOUKE M P PtTTUCTOR STSTEM 

The bent wire filament of the original 
source has been replaced with a shielded 
cathode of oxida coated Ni screen wound on 
and spot welded to l.<* mm nichrome heating 
wire. The Mb aperture insert in the Fe anode 
is thicker than the original insert. The 
aperture is 0.8 mm in diameter and 0.3 mm 
long with entrance and exit cones of 120° and 
90° respectively. The cones minimise aperture 

length while the thicker insert provides a 
better conduction path to thi anode for cool
ing. The insert is a press fit into the 
anode. Cathode and aperture insert lifetime 
are in excess of 300 hrs. 

The plasma expansion cup is 1.9 cm in 
diameter. The cup is made from CR stainless 
steel and is insulated from the anode to 
allow its operation at intermediate electrode 
voltage.1* The focus electrode is made of Fe. 
Cu was used for the accel-decel electrodes, 
the long decel electrode being designed to 
minimize electric field penetration. All 
electrodes are radiation cooled. 

Cathode heater and arc power supplies 
are low ripple units to provide very stable 
source operation. The peak to peak ripple 
in the current on target is less than 5%. 

Source Beam Control 
Beam divergence from the source is con

trolled by both source magnet and focus vol
tage. Divergence of the source increases as 
the source magnet current is increased or 
the focus voltage is increased. The shape 
of the plasna front and the extracted beam 
direction versus source magnet current is 
sliuwa iii Fig. 3. The overlapping control 
function of magnet current and focus may 
seem redundant, but secondary effects occur; 
some control over the source emittance prob
ably is made possible. A larger percentage of 
the extracted beam can be accelerated and 
transported to the target by applying a 
suitable voltage to the focus electrode. 

The extracting electric field at the 
plasma front is a combination of the extractor 
voltage and focus voltage; the shape of the 
plasma front can be changed to some extent 
by changing the relationship between extrac
tor and focus voltage. The voltage on the 
focus electrode has a larger effect on the 
plasma front at the edge of the plasma cup 
than on the axis because of the close prox
imity of the focus electrode to the plasma 
cup. The beam control provided by this 
setup makes it easy to match the beam to the 
acceleration tube and transport system. A 
20% or so increase in target current was 
achieved by applying voltage to the focus 
electrode. 

A solenoid lense prior to the accelera
tion tube provides additional flexibility; 
it gives us freedom to vary extractor voltage, 
as long as the voltage is above a certain 
minimum. 

Test Stand Results 
Source development was done on a source 
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Fig. 3 The plasma shape and beam particle 
trajectory for three source magnet currents 
at near maximum beam current. These shapes 
have been visually observed. 

test stand. Changes and testing were done on 
a spare ion source until various improvements 
were achieved. Improvements that were consid
ered relevant are: ability to focus to a snail 
beam size with very little stray beam, high 
beam output versus gas flow and arc current, 
low extractor electrode loading, good diver- " 
gence control, and stable operation at all 
output levels up to maximum. Beam spot size 
and current was measured by a 5 cm diameter 
faraday cup with a tungsten screen that could 
be moved from 30 to 90 cm from tha source. 
Fig. H shows the beam current output of the 
source for protons for various accel elec
trode voltages; the extractor power supply 
limited the maximum current that could be 
obtained to 50 mA. For full divergence con
trol of the source, the beam current must 

be reduced by 20% of its maximum value. 
Partial hollow beam output was observed 

on the tungsten screen while testing the 
source. The source could be focused to pro
duce a beam with much less intensity on axis 
compared to that off axis. 
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Fig. 4 Extracted Beam Energy (KV) 

Resul ts 
With the modified ion source, target 

currents of 22 mA have been obtained with a 
1.5 cm square collimator ahead of the target. 
This level can be reached after conditioning 
the machine at high current levels. On long 
runs the average current can be maintained 
above 18 mA. Neutron source strengths of 
5 x 1 0 1 2 neutrons per second have been ob
tained. Source and accelerator operating 
parameters with 22 mA on target are summar
ized in Table I. With the original ion 
source an extracted current of 50 nA resulted 
in a target current of only 8 nA. 

The beam profile in high current opera
tion indicates that the beam after acceler
ation is partially hollow. A beam scanner 
located 2.1 m from the acceleration tube is 
used to measure the profile. Fig. 5 shows 
the beam profile and the radial current 
distribution required to produce this profile. 
The partial hollow beam nay be an advantage 
in minimizing space charge effects in the 
acceleration tube. 



Table I 

Arc Power 105 V at 9 amps 
Extractor acceler 50 kV at 63 nA 8 
ating voltage 

Additional accel 21 kV at 1 mA 

Un
its

 
01

 

voltage Un
its

 
01

 

Focus 7 kV S 
U00 KV HVPS 350 kV at 33 nA I 4 
Target collimator 7.5 nA rb

r 

current <Z 
Target current 22 mA 
% of Hl'FS current on 67% 0 target 0 
% of HVFS current to 89% 
target system 

Estimated % of D + from 60% 
source 

Scanner Beam Profile 

Further work to optimize the shape and 
size of the plasma cup and focus electrode 
are planned. 
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Fig. 5 Beam current profile 200 cm from the 
acceleration Tube. This protile is produced 
by a beam with less current on axis than 
off axis. The lower curve shows the beam 
current density to produce this profile. 


